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Labor distribution
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Labor value

Lead Scientist
Lead Engineer
JCNS Advisor Scientist
JCNS Designer

JCNS MCA

CNR Advisor Scientist
CNR Advisor Scientist
CNR Scientist

CNR Engineer

CNR Technician/Designer
CNR Admin

ESS Installation
ESS procurement (*)

Travel

FZ] share

CNR share

phase 2-3-4-5

phase 1

TOTAL

cat load [%]
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100
30
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100
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20
20
10
75
5

100
100

period
[months]
60
60
60
48
21

60
60
60
60
60
60

24
3

TOTAL

€ 693000
€ 693000
€ 207900
€ 432000
€ 189000

€ 138600
€ 108000
€ 108000
€ 54000
€ 324000
€ 18000

€ 172800
€ 27000

€ 147600

75%
25%

€ 3312900
€ 397650

€ 3710550



Critical dates of T-REX project

Detector Vessel
Q2/2017
Q4/2017
Q1/2018
Q2/2020
Q4/2020

Detectors
Q2/2017
Q1/2018

Choppers
Q1/2018
Q1/2018

Preliminary Engineering design and interfaces
Decision on the detector technology

Final design

Delivery

Commissioning

MG prototype available for tests
engineering design

engineering design
contract signed

Neutron Optics & Shielding

Q3/2018
Q2/2019

engineering design
contract signed



Timeline Detectors : Detector Vessel (FZ] / ZEA-1)

Start v

06/17 Design
06 - 09

Sep

Finit
10/1

A

Dec
'1 7 Mar Jun Sep Dec Mar
'8 '18 '8 18 '19
p Elements Analysis
y -12/17
Drawings
12/17 - 03/18
Procurement Material
03/18-09/18
Cutting the Plates
09/18-11/18
Welding

11/18 - 06/19

Key decision on

technology by the
end of 2017

Mar
Jun Sep Dec '20 Jun Sep
'19 '19 '19 '20 '20
Manufacturing
06/19 - 09/19
Acid Cleaning
09/19-10/19
Assembly
11/19-01/20
Leak Test

01/20 - 03/20

ansport to Lund

/20-05/20
Assembly
05/20-/08/20

Finish
Dec 02/2 1
'20

Vacuum system
08/20-10/20

Commissioning
10/20-02/21



Detector Vessel : Cost vs Experience

T -REX
Material Stainless steel Stainless steel
Vacuum < 10 mbar < 10 mbar
Height 3250 mm 3200 mm
Diameter 8500 mm 6500 mm
Volume 85 m3 75 m3

Horizontal det. angles -36°- 144° -30° - 140° 8



Components
Vacuum chamber
FEM calculations
Semi-finished stainless steel sheets
Water jet cutting plates
Rolling the outer plates
Transports
Welding of the chamber
Pickling the chamber
Mechanical Manufacture
Assembly
Leakage test

Sample chamber
Semi-finished products
Production

Purchases

Cd shielding
Al structural frames for shielding + assembly
Load lock system

TOTAL

Detector Vessel : Cost vs Experience

Cost

10.000.00 €
480.000.00 €
61.000.00 €
13.000.00 €
10.000.00 €
160.000.00 €
4.000.00 €
185.000.00 €
12.000.00 €
4.000.00 €
939.000.00 €

20.000.00 €
65.000.00 €

7.000.00 €
92.000.00 €

32.000.00 €

47.000.00 €
50.000.00 €

1.160.000.00 €



Timeline Detectors : MG production (ESS)

Installation Detector Vessel is
Readiness Review  delivered at ESS
05/20 07/20
Half2,  Halfl,  Half2,  Half1, Half2,  Half1, Finish
2019 ¢ 2020 2020 2021 2021 2022 06/22
Coating production

10/19 - 05/20 Assembly
06/20-07/21
Procurement

10/19-02/20 Installation

09/20-10/21

10



Detectors technologies T-REX needs20 m?
pixels < 20x20 mm?

| Pros/Advantages

3He PSD tubes Benchmark
Off-the-shelf 7,2 M€

\.—"’f
Vacuum operation . ’I
: e —

—

—
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Detectors technologies T-REX needs20 m?
pixels < 20x20 mm?

| Pros/Advantages

3He PSD tubes Benchmark

—
Off-the-shelf 7,2 M€ —
Vacuum operation . !
Multi GRID Cost ——
Detection Rate 4,6 M€
Modularity

20-24 19B,C layers
to reach 45-48% efficiency @ 1A
Fairly compares to 3He at 6 bar

+3% efficiency = +10% of cost




Detectors technologies

Multi GRID Cost
Detection Rate 4,6 M€
Modularity

13



MG preliminary integration concept
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MG preliminary integration concept

94 rows

1mm gap$



MG preliminary integration concept

Detector - Box

AlMg4.5Mn
£
Thickness of the Walls S
. AN
Sides 7 mm ~
Top 10 mm
Bottom 10 mm
Back 5 mm
Front 2 mm
Ribs 2 mm

dius 3000 mm

Inner Ra y
sample



MG preliminary integration concept

Pressure
500 mbar

Stress
< 75N/mm?

Deformation
<1.5mm

A: 2016.07 .26 - Strukturanalyse

Equivalent Stress

Type: Equivalent (von-Mises) Stress - Top/Bottom
Unit: MPa

Time: 1
26.07.2016 13:48

. 77.416 Max
68,815
— 60.213
— 51.612
il 43,011
= 34.409
=1 25.008
mm 17.206

- 8.6048
0.0033813 Min

0.00 500. 00 1000.00 {mm)
I 209200090909

250,00 750,00

A: 2016.07 26 - Strukturanalyse
Total Deformation

Type: Total Deformation

Unit: mm

Time: 1
26.07.2016 13:47

. 1.5403 Max
1.3692
— 1.1981
— 1.0269
e 0.65581
= 0.60468
= 0.5135)
034242

- 0.17129
0.00015612 Min

0.00 500. 00 1000.00 (mm)
I 4209090000

250,00 750.00



5 boxes

4 gaps with pixel-equivalent
dimension

Vacuum compatibility
Easy maintenance philosophy
Easy access to electronics box

Expected costis 100k€
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Timeline Choppers

Construction||Assembling
Test
Nr. \VorgangsiVorgangsname Dauer Anfang Fertig stellen {15 \14. Mrz ‘16 \ZD.Jun '16 |25. Sep'16 02.Jan'17 \ 10. Apr '17 \ 17. ul§17 |23.0kt'17 |29.Jan ‘18 \Dl Mai '18 §13 Aug'18 [19. Nov'18 \25. Feb'19 |03.Jyn'19
‘ sim[s[o[m[Frlo s[m[s[plm pls[m[s o m[rflflols[m[s]Iolm[cr[fo
1 W Go ahead (budget available) 0 Tage Mo 02.01.17 Mo 02.01.17 '
2 & Handling and spacial boundary condititons final info from Lund 0 Tage Mo 02.01.17 Mo 02.01.17
3 3 Iterate final specs 2 Monate Mo 02.01.17 Fr24.02.17 Q 1 2 O 1 7
4 3 P chopper arrangement (face to face) 540 Tage Mo027.02.17 Fr22.03.19 v
5 3 Housing 380Tage Mo 27.02.17 Fr10.08.18
s 3 Define final concept for housing and handling 2 Monate Mo 27.02.17 Fr21.04.17 L
7 3 Design main housing (incl. Calc for 252 Hz) 8 Monate Mo 24.04.17 Fro01.12.17 QZ 2 O ] 9
8 3 Design handling tool (if necessaary) 2 Monate Mo 04.12.17 Fr26.01.18
9 3 Manufacuring housing 9 Monate Mo 04.12.17 Fr 10.08.18
10 [3 Manufacturing handling tool 3 Monate Mo 29.01.18 Fr 20.04.18
1 3 Drive and Bearing Unit (P-Choppers) 240 Tage Mo 19.06.17 Fr18.05.18 = ]
12 3 Adopt Spindle design to disk 3 Monate Mo 19.06.17 Fr08.09.17
13 3 Manufacture spindle parts 7 Monate Mo 11.09.17 Fr23.03.18
14 [3 Assemble Spindel-Disks 2 Monate Mo 26.03.18 Fr 18.05.18
15 3 Disks P-Choppers 260 Tage Mo 27.02.17 Fr23.02.18 ¥ v
16 % Design Disk 4 Monate Mo 27.02.17 Fr 16.06.17 _L
17 3 Manufature disks 9 Monate Mo 19.06.17 Fr23.02.18
8 [3 Electronics 220Tage Mo 27.02.17 Fr29.12.17 v v
19 [3 Plan Hardware 3 Monate Mo 27.02.17 Fr19.05.17 _h
20 % Procure and manufacure Hardware 6 Monate Mo 22.05.17 Fr03.11.17
21 |3 Pretest Hardware 2Monate Mo 06.11.17 Fr29.12.17 _t
22 % Prepare Software 2 Monate Mo 06.11.17 Fr29.12.17
23 ?) Assemble and Testing 160 Tage Mo 13.08.18 Fr22.03.19 —
2 [3 Assemble 1Monat Mo13.08.18 Fr07.09.18
25 % Finale develop software and Test 6 Monate Mo 10.09.18 Fr22.02.19
Pl Test Handling 1 Monat Mo 25.02.19 Fr22.03.19
27 3 M Choppers (over/under) 620 Tage Mo 02.01.17 Fr17.05.19 \
28 % Housing 620 Tage Mo 02.01.17 Fr17.05.19 v
29 3 Housing 380Tage Mo 02.01.17 Fr15.06.18 i ad
30 [3 Define final concept for housing and handling 2 Monate Mo 02.01.17 Fr24.02.17 ha
31 3 Design main housing (incl. Calc for 336 Hz) 8 Monate Mo 27.02.17 Fr06.10.17
32 3 Design handling tool (if necessaary) 3 Monate Mo 09.10.17 Fr29.12.17
33 3 Manufacuring housing 9 Monate Mo 09.10.17 Fr15.06.18
34 3 Manufacturing handling tool 6 Monate Mo 01.01.18 Fr 15.06.18
35 (3 Drive and Bearing Unit (P-Choppers) 240 Tage Mo 19.06.17 Fr18.05.18 v a4
36 % Adopt Spindle design to disk 3 Monate Mo 19.06.17 Fr08.09.17
7 3 Manufacture spindle parts 7 Monate Mo 11.09.17 Fr23.03.18
38 % Assemble Spindel-Disks 2 Monate Mo 26.03.18 Fr 18.05.18
39 3 Disks P-Choppers 300 Tage Mo 02.01.17 Fr23.02.18 1 =
40 % Design Disk 6 Monate Mo 02.01.17 Fr 16.06.17 _L
a B Manufature disks 9 Monate Mo 19.06.17 Fr23.02.18
42 % Electronics 220 Tage Mo 02.01.17 Fr03.11.17 U v
3 3 Plan Hardware 3 Monate Mo 02.01.17 Fr24.03.17
a4 % Procure and manufacure Hardware 6 Monate Mo 27.03.17 Fr08.09.17 L
5 % Pretest Hardware 2 Monate Mo11.09.17 Fr03.11.17 E
a6 [3 Prepare Software 2 Monate Mo 11.09.17 Fr03.11.17 )
a7 3 Assemble and Testing 240 Tage Mo 18.06.18 Fr17.05.19
3 3 Assemble 1Monat Mo 18.06.18 Fr13.07.18
29 3 Finale develop software and Test 9 Monate Mo 16.07.18 Fr 22.03.19
50 % Test Handling 2 Monate Mo 25.03.19 Fr 17.05.19 -
51 3 Shippment to ESS 2Wochen Mo 20.05.19 Fr31.05.19
52 3 Installation and Test on site 3 Wochen Mo 03.06.19 Fr21.06.18




Timeline Optics and Shielding

Start Finish
01/17 ‘Mar Jun Sep Dec Mar Jun Sep Dec Mar Jun Sep |Dec Mar Jun Sep Dec 02/21
17 17 17 17 18 18 18 18 19 19 19 19 ‘20 20 ‘20 ‘20
Neutronics Final Design
L =02 Engineering Drawings
10/17 - 02/18 OptiCS

03/18 - 08/1

Conceptual Design
Sun 01/01/17 - Fri 30/06/17

MCNP final simulations
Mon 03/07/17 - Mon 02/10/17
Report
Tue 10/17 -11/17
Engineering Drawings
11/17-09/18

shielding

Engineer Drawings of mechanical structure

Procurement
09/18 - Fri 03/19

Production
06/18-06/19

Procurement

09/18-03/19
Construction
04/19-07/20

transport to Lund
04/20-05/20
Assembly & alignment
07/20-09/20

"ansport to Lund
8

/20-09/20
installation
09/20-10/20

20



Cost Category C

“ESS management defined a preliminary budget of
15 M<€ for this instrument project “

10 % contingency

Personnel

Allocated budget: 13.5 M€ Components
Labor Value 3.7 M€
Components share : 9.8 M€

21



